ABSTRACT
Actuator control is carried out by loading and storing data into the control table. These data are saved in predefined addresses in the actuator's memory. The data stay in the memory while the actuator is connected to the supply voltage. From among more than fifty available settings, these can be given as an example: 0x1E -goal angular position lower byte 0x1F -goal angular position upper byte 0x20 -goal moving speed lower byte 0x21 -goal moving speed upper byte 0x28 -present load lower byte 0x29 -present load upper byte 0x2A -present voltage 0x2B -present temperature All types of Dynamixel actuators use the same configuration addresses. An important difference between the actuator series (AX and MX) used in the controlled robot manipulator are the settings of their dynamic properties.
For the MX actuator series, the setting of the required dynamics is defined via the PID rotation controller; the addresses in the memory are as follows: 0x1A -derivative gain 0x1B -integral gain 0x1C -proportional gain For the AX actuator series, the parameters in Fig.1 are set in the RAM. 
ROBOT MANIPULATOR
From the very beginning, when the robot manipulator was being designed, it was determined that Dynamixel actuators by Robotis would be used [2] . These are the most suitable for the application in question because all of the elements of the system -DC motor, gearbox, and the control unit (single-chip microprocessor) -are placed inside the actuator casing. They can communicate with the computer (MATLAB, LabView, etc.) either via a separate control unit (CM-5, CM-1), or, as in this case, via a USB2Dynamixel communication unit -communication via TTL. IDs of each actuator (first one is located inside the base) [2] The designed robot manipulator is composed of five Dynamixel actuators. Placing and dimensions of individual actuators can be described by DenavitHartenberg parameters, which are given in Table 1 , along with the types of actuators for individual joints and with the rotation range of individual robot manipulator joints. Given rotation ranges take into account the physical possibilities of the joints and the rotation range of individual actuators. The Denavit-Hartenberg parameter θ represents a variable which describes the rotation of the joints. θ = 0 is the robot's initial position, to which limits on rotation apply [3, 4] .
Three types of actuators were used in this design, according to the different load of different parts of the arm ( Fig. 2) :
-joint 1 -MX-28T (metal gearbox, gear reduction 193:1, maximum torque 2.5 Nm); -joints 2 and 3 -MX-64T (metal gearbox, gear reduction 200:1, maximum torque 6 Nm). -due to low load and low price, the rest of the joints (4 and 5) use AX-12A actuators (plastic gearbox, gear reduction 254:1, maximum torque 1.5 Nm).
For the robot manipulator to run precisely and smoothly, it is necessary to set the correct values of the actuators' dynamic parameters. When choosing the individual actuators, it is appropriate to take into account the purchase price, the construction, and to consider the actuators' durability when used frequently [2] . Fig. 1 shows the description of the individual parameters influencing the dynamics of the actuators. As can be seen, the actuator's torque is directly dependent on the actuator's position deviation. Since it was necessary to apply the required torque regulation on both rotation directions equally, the CW compliance slope and the CCW compliance slope parameters were set to the same values. The CW compliance margin and the CCW compliance margin parameters were set to the minimum value 1 to achieve the most exact rotation of the actuator. Fig. 3 shows the progress of the actuator rotation in time, the required value of rotation being changed for different settings of the CW compliance slope parameter. The measurement was carried out on an unloaded actuator without additional moment of inertia, with 50% of the maximum angular velocity.
REGULATION OF INDIVIDUAL ACTUATORS

Settings of the dynamic parameters of the AX series actuators
The course of rotation with increased moment of inertia and with 50% of the maximum angular velocity is shown in Fig. 4 . The last measurement was carried out on the robotic manipulator's fourth joint. The initial position was set to 0, and the manipulator was supposed to turn by 90°, stay in the required position, and return to the initial position (Fig. 5) .
Regulation of Dynamixel Actuators in Robot Manipulator
The measurements show that it is appropriate to set the CW compliance slope to 128 because there is no overshoot when reaching the desired position. This way, smooth movement of the robot manipulator was achieved. The main disadvantage of this setting is the inability to reach the exact desired position, which follows from Fig. 1 . Taking into consideration the margin and the durability of actuator gearboxes, this setting is the most advantageous.
Settings of the dynamic parameters of the MX series actuators
The MX series actuators use a PID controller to control the required position. This way, the main disadvantage of the AX series actuators -not reaching the required position -is disposed of. The PID controller is composed of a proportional, integral, and derivative component. During our measurement, only the setting of the proportional and integral gain was changed. The derivative gain was set to zero. The size of the proportional component can be determined based on Table  2 , which expresses the relation between the set value of slope and the setting of the proportional controller gain. When the proportional controller gain is set to 8, the dynamics of the MX series actuators becomes similar to those of the AX series. Further setting of the integral gain can compensate for the deviation in the rotation of the actuator under sustained load.
The measurements were carried out on the robot manipulator's second joint, similarly to the previous measurement. The values of gain of the controller's integral component were measured (Fig. 6 ). 
CONCLUSIONS
This article is concerned with the possibilities of movement control of a five-joint robot manipulator, which is composed of Dynamixel actuators (the AX and MX series). All control commands are sent to the actuators using predefined addresses, which are the same for all series. The main differences between the AX and MX series are in the type of construction and in the control unit. While the movement parameters of an AX actuator are defined only as the value of CW and CCW compliance slope and margin, the MX series uses a full PID controller. Using this controller, it is possible to achieve more exact values of robot manipulator joint rotation into the user-defined position. Fig. 7 shows a comparison of the required value of rotation of four actuators with the measured values (since the fifth actuator rotates only the robot manipulator's effector, it was not included in the measurements). It can be seen that the robot manipulator slightly lags behind the required values. If the actuator is under bigger load (its torque is more than 70%), it is able to reach the required rotation, albeit with a small deviation (approximately 1.5°). 
